P soriasis is associated with symptoms such as itching and skin pain, which can have a negative impact on health-related quality of life (HRQoL) and functional status (1) (2) (3) . Itching (pruritus) is a prevalent plaque psoriasis symptom, affecting more than 60% of patients. Many patients complain that itch is their most troubling psoriasis symptom (4) . Itching is frequently associated with embarrassment and impairment of sleep, mood, concentration, appetite, and sexual desire in psoriasis patients (5, 6) .
Although itching is an important aspect of HRQoL in psoriasis patients, the long-term management of itch has not been well studied. Furthermore, instruments that evaluate treatment efficacy in psoriasis clinical trials, such as the Psoriasis Area and Severity Index (PASI) (7, 8) , do not measure itch severity. Indeed, itch severity is not directly correlated with PASI-measured disease activity (9) . Itch appears to be a domain independent from disease severity and a mediator between improvements in PASI and patient-reported HRQoL (10) . To evaluate psoriasis-related itch severity in a clinical setting, the Itch Numeric Rating Scale (Itch NRS) was developed and validated as a single-item, patient-reported outcome (PRO) measure (11, 12) .
Ixekizumab, a high-affinity monoclonal antibody that selectively targets IL-17A (13) , was recently evaluated as a psoriasis therapy in Phase III clinical trials (UNCO-VER-1, UNCOVER-2, and UNCOVER-3) and demonstrated significantly greater and clinically meaningful improvements in itch severity compared to placebo and etanercept as early as Week 1; these improvements were maintained through Week 12 (14) (15) (16) (17) .
This report describes the impact of long-term ixekizumab maintenance therapy on itch severity through 60 weeks using data from the long-term extension (LTE) period of the Phase III UNCOVER-3 trial.
METHODS
UNCOVER-3 (NCT01646177) was a Phase III randomized clinical trial that evaluated ixekizumab versus placebo and etanercept in moderate-to-severe psoriasis patients (14, 15) . The trial was conducted in accordance with the Declaration of Helsinki. All study sites received institutional review board approval and all patients provided written informed consent. At baseline (Week 0), patients were ≥ 18 years old with a confirmed chronic (≥ 6 months) plaque psoriasis diagnosis, ≥ 10% body surface area involvement, a Static Physician's Global Assessment (sPGA) score ≥ 3, and a PASI score ≥ 12. Complete inclusion/exclusion criteria and detailed methodology of the initial 12-week treatment period has been described elsewhere (15) . Briefly, patients were randomized 2:2:2:1 to receive one of the following 4 treatments during the initial 12-week treatment period: a 160-mg ixekizumab starting dose followed by 80 mg every 2 weeks (IXEQ2W), a 160-mg ixekizumab starting dose followed by 80 mg every 4 weeks (IXEQ4W), etanercept 50 mg twice weekly, or placebo.
At Week 12, patients entered the trial's LTE, during which they received open-label IXEQ4W through Week 264 regardless of their treatment group before Week 12. Patients who initially received placebo were administered a 160-mg ixekizumab starting dose at Week 12 and IXEQ4W thereafter. Patients who initially received etanercept underwent a 4-week washout period before beginning ixekizumab treatment at Week 16.
Patients reported their recollection of their itch severity over the past 24 h with the Itch NRS instrument during study visits every 4 weeks through the LTE. Here we present data through Week 60 of the LTE. , Chen-Yen LIN 6 and Gil YOSIPOVITCH
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Itch Numeric Rating Scale
The Itch NRS is a single-item PRO questionnaire that was administered at baseline and throughout the induction and LTE. At each site visit, patients self-reported itch severity using the Itch NRS by circling the integer that best described the worst level of itching due to psoriasis in the past 24 h on an 11-point numeric rating scale anchored at 0, representing "no itching," and 10, representing "worst itch imaginable" (11) . The minimal clinically important difference (MCID) was defined as a 4-point change from baseline in Itch NRS. The MCID was based on previous analyses that used anchor-based methods and was confirmed with distribution-based methods (12) .
Statistical analyses
Treatment effects on change from baseline in Itch NRS scores and the proportions of patients who achieved an Itch NRS score=0 ("no itching") and who achieved the MCID in Itch NRS score (among patients with an Itch NRS score ≥ 4 at baseline) were evaluated at each postbaseline visit using analysis of covariance (ANCOVA), including baseline score and pooled center, and Cochran-MantelHaenszel (CMH) test stratified by pooled center, respectively. When the ANCOVA model and CMH test were used, missing data were imputed using the last observation carried forward approach and non-responder imputation, respectively.
RESULTS
Selected patient demographic and baseline data are summarized in Table I Additional details on patient demographics are described elsewhere (15, 16) .
Change in Itch Numeric Rating Scale score through week 60
Significant improvements in itch severity, as measured by reductions in Itch NRS scores from baseline, were observed through 60 weeks of ixekizumab treatment ( Fig.  1) . During the 12-week induction, statistically significant improvements in itch severity were reached as early as (15, 15) . Itch severity improvements observed in both ixekizumab treatment groups at Week 12 were consistently maintained through the LTE (Week 12 to Week 60) after continuing or switching to the IXEQ4W maintenance dose (Fig. 1) .
Patients who received placebo in the 12-week induction experienced rapid and significant improvements from baseline (and from Week 12) in Itch NRS score after switching to the IXEQ4W maintenance dose after Week 12 (p < 0.001; Fig. 1 ).
Patients who received etanercept in the 12-week induction continued to experience significant improvements from baseline in Itch NRS score after switching to the IX-EQ4W maintenance dose after Week 12 (p < 0.001; Fig.  1 ). Following the switch to ixekizumab at Week 12, there was a slight worsening in mean Itch NRS score at Week 16 (likely an effect of the 4-week washout period), after which improvements were again evident at Week 20.
Patients who achieved Itch Numeric Rating Scale score = 0 through week 60
At baseline, 2.0% of all patients (range across treatment groups: 1.0% to 2.6%) reported Itch NRS scores = 0 ("no itching"). Many patients who received IXEQ4W or IX-EQ2W during the induction period achieved Itch NRS scores = 0 by 12 weeks (39.4% and 45.2%, respectively). During the LTE, even more patients who remained on ixekizumab achieved Itch NRS scores = 0 with up to 60 weeks of treatment (48.2% and 47.8%, respectively) (Fig. 2) .
Only 5.2% of patients who received placebo in the induction period achieved Itch NRS scores = 0 by 12 weeks; however, after switching to ixekizumab in the LTE, 27.5% of these patients had achieved a score = 0 by 16 weeks, and 45.1% achieved a score = 0 by 60 weeks (Fig. 2) . Among patients who received etanercept in the induction period, 21.5% achieved Itch NRS scores = 0 by 12 weeks. After switching to ixekizumab in the LTE, 33.0% of these patients had achieved a score = 0 by 20 weeks, and 45.3% achieved a score = 0 by 60 weeks (Fig. 2) .
Among patients who achieved an Itch NRS score = 0 while receiving IXEQ4W during the LTE, 99.5% achieved at least 75% improvement on the PASI (PASI 75), 95.9% achieved at least 90% improvement on the PASI (PASI 90), and 81.3% achieved 100% improvement on the PASI (PASI 100) responses at Week 60. By comparison, of those with itch NRS > 0 at Week 60, 73.9% achieved PASI 75, 59.9% achieved PASI 90, and 32.5% achieved PASI 100 (for all comparisons of NRS scores = 0 vs. NRS scores > 0, p < 0.001). PASI response rates were similar between groups who received ixekizumab in the induction period and those who were switched to ixekizumab for the LTE.
Patients who achieved the minimal clinically important difference on the Itch Numeric Rating Scale
The MCID on the Itch NRS (among patients with a baseline Itch NRS score ≥ 4) was achieved as early as Week 1 among a significantly higher percentage of ixekizumabtreated patients (IXEQ4W: 38.0%; IXEQ2W: 41.3%) than placebo-and etanercept-treated patients (7.0% and 14.1%, respectively) (all comparisons, p < 0.001) (15) . Significantly higher percentages of ixekizumab-treated patients than placebo-and etanercept-treated patients continued to achieve the MCID at each subsequent visit, including Week 12 (IXEQ4W: 79.9%; IXEQ2W: 82.5%; placebo: 20.9%; etanercept: 64.1%) (all comparisons, p < 0.001) (15) . Among patients who received ixekizumab during the 12-week induction, the percentage who achieved the MCID on the Itch NRS at Week 12 was sustained through the LTE after continuing or switching to the IXEQ4W maintenance dose (Fig. 3) .
Among patients who received placebo in the 12-week induction, there was a rapid increase in the percentage of patients who achieved the MCID on the Itch NRS after switching to the IXEQ4W maintenance dose (Fig. 3) .
Among patients who received etanercept in the 12-week induction, following the switch to ixekizumab at Week 12, there was a slight worsening in the percentage of patients who achieved the MCID on the Itch NRS at Week 16, after which an increase was evident at Week 20 (Fig. 3) . 
DISCUSSION
Itch has been identified as a substantially problematic symptom for psoriasis patients. This LTE maintenance study demonstrates that patients who achieve significant and clinically meaningful improvements in itch severity (measured by the Itch NRS) generally experience them early in their clinical course and can maintain these improvements through at least 60 weeks with ixekizumab maintenance therapy administered every 4 weeks. This is one of the longest published follow-up studies of chronic itch in any disease and supports the long-term antipruritic efficacy of ixekizumab.
In the UNCOVER-3 trial, patients who initially received placebo during the 12-week induction period experienced rapid and significant improvements in itch severity as early as the first visit (Week 16) after being switched to ixekizumab. This rapid improvement is consistent with the effect observed in patients who received ixekizumab during the 12-week induction and these improvements were maintained through Week 60. Those patients who received etanercept during the 12-week induction experienced additional significant improvements after being switched to ixekizumab; these improvements were evident within 2 visits (8 weeks) after switching to ixekizumab and were maintained through Week 60. Notably, following the switch from etanercept to ixekizumab at Week 12, there was a slight worsening in mean Itch NRS score at Week 16. This worsening may be attributed to the 4-week washout period.
A substantial proportion (42.3%) of patients who received ixekizumab in the induction period achieved an Itch NRS score = 0 ("no itching") within 12 weeks; this outcome was maintained throughout the LTE, with 48.0% of patients experiencing "no itching" by Week 60. While this symptom relief is highly promising, it also suggests that itch can remain a persistent problem for some patients despite treatment with highly effective therapy. Notably, in an integrated analysis of two Phase III ixekizumab clinical trials (UNCOVER-1 and UNCO-VER-2) 63.8% of patients with complete skin clearance at Week 12 (i.e., PASI 100) also reported no itching (i.e., Itch NRS = 0) (18) . In the integrated analysis as well as the present study, the extent and location of itch was not qualified. It is possible that some patients presented itch secondary to dry skin, atopic dermatitis, or tinea cruris. Though it should also be considered that scalp itch might be related to nearly subclinical psoriasis in some patients, which may be disregarded in the PASI 100 evaluation. Normal appearing skin previously affected by psoriasis has gene expression patterns that are not the same as unaffected skin, which suggests that subclinical factors may be active despite the unaffected appearance (19) . Further research is necessary to better understand why some patients with complete skin clearance may still experience itch.
A similar pattern was observed among patients with baseline Itch NRS scores ≥ 4 who achieved the MCID on the Itch NRS. A relatively high percentage of patients (74.7%) who received placebo during induction achieved the MCID as early as the first visit (Week 16) after being switched to ixekizumab, which was consistent with the effect among those who received ixekizumab during induction. Also, among patients who had initially received etanercept, there was a slight worsening in the percentage who achieved the MCID in Itch NRS after the 4-week washout period, and this percentage increased within 2 weeks after switching to ixekizumab.
The internal validity of the results among patients initially treated with ixekizumab is reinforced by the results among patients initially treated with placebo or etanercept. For instance, patients treated with placebo who switched to ixekizumab at Week 12 experienced improvements that were consistent with patients who initiated ixekizumab treatment at earlier time points. Additionally, 27.5% of patients who switched from placebo to ixekizumab at Week 12 experienced "no itching" by their first visit (Week 16) after switching, and 45.1% of these patients experienced "no itching" by Week 60. Similar results were found in the etanercept group, where 21.5% of patients treated with etanercept during the induction period also experienced "no itching" at Week 12; after switching to ixekizumab, 45.3% of these patients experienced "no itching" by Week 60.
This long-term maintenance study demonstrates that the 12-week improvements in psoriasis itch severity achieved with ixekizumab can be consistently sustained throughout at least 60 weeks with ixekizumab maintenance therapy (IXEQ4W). Nearly half of all patients who received ixekizumab maintenance treatment experienced "no itching" throughout the study period. Whether these improvements are due to an effect specific to IL-17 inhibition or directly to overall disease improvement is worth further exploration. Of note, these patient-reported results from a clinical trial may not be representative of real-world patient experiences; however, the longterm results (after Week 12) were observed during an open-label study extension, and thus may be reasonably consistent with expected real-world outcomes in clinical practice. Notably, the long-term improvements in psoriasis itch severity reported here are consistent with the long-term improvements in psoriasis severity reported in an integrated analysis of two other Phase III clinical trials (UNCOVER-1 and UNCOVER-2) (14) . In the integrated analysis, Gordon et al. (14) reported that high percentages of patients achieved marked improvements in psoriasis severity by Week 12 (as measured by proportion of patients achieving sPGA 0 or 1, PASI 75, PASI 90, and PASI 100), which were sustained through Week 60.
It should be considered that ixekizumab maintenance therapy was open-label, and thus the potential for bias exists. Also, simple imputation methods like the last observation carried forward (LOCF) and nonresponder imputation (NRI) tend to underestimate the treatment effect, and the validity of the imputation method depends on the underlying missing mechanism.
In conclusion, this study's findings suggest that use of PRO instruments, such as the Itch NRS, to evaluate itch severity is appropriate in the clinical setting to ensure that psoriasis treatments address this most bothersome of patients' symptoms. In addition to improvement in clinical outcomes (PASI, sPGA) and HRQoL (14) , ixekizumab treatment is associated with rapid, significant, and clinically relevant improvements in itch severity. The rapid and significant resolution of itch symptoms is likely to positively impact patient satisfaction with treatment, and hence treatment adherence and persistence.
